A high rate of infection was found to occur when total hip replacements were performed in an operating theatre used by a variety of surgical specialities. Because of this, a downward displacement laminar flow enclosure was installed to provide ultraclean air operating conditions. Retrospective examination of 419 total hip replacements, carried out over a six-year period during which the enclosure was installed, showed a reduction in the infection rate from 3.2% to 0.4% (P=0.05) when using the enclosure. The infections were associated with a postoperative wound discharge and with revision surgery but were less frequent when the enclosure was used. Prosthetic loosening was found to be common when metal-to-metal prostheses were used. Working in an enclosure with side panels, wearing body exhaust units, was generally considered to be so noisy as to restrict communication.
Introduction
At the Royal East Sussex Hospital, Hastings, in common with many provincial hospitals, the orthopaedic service does not have the exclusive use of an operating theatre. A twin theatre suite has catered for all forms of surgery. General surgery, urology, otolaryngology and emergency surgery have all shared the same facilities, with eye surgery being the only' speciality using a separate theatre. Total hip replacement surgery was commenced in the late 1960s on afternoon operating sessions in one theatre. The initial infection rate was found to be 5% which was considered to be unacceptably high, and ways of reducing it were sought.
Charnley found hip arthroplasties to be more prone to infection than hip arthrodeses when he introduced his low-friction arthroplasty (Charnley & Eftekhar 1969) . This procedure used Teflon, stainless steel and polymethyl-methacrylate cement for the total hip joint. Initially 8.9% of these hips became infected. In order to elucidate whether it was these new materials or airborne bacteria which were causing the infections, he developed an operative environment to exclude airborne bacteria -the downward displacement laminar flow operating theatre enclosure and personal body exhaust system -thus providing an 'ultraclean air' operating environment. The resulting fall in the infection rate was from 8.9% initially to 1.3% using this system (Charnley 1972) .
At the Royal East Sussex Hospital, a Charnley-Howorth downflow enclosure system was installed in September 1973, providing 300 changes per hour of air passed through a 5 micron filter ( Figure 1) . The enclosure has side panels which can be removed for cleaning or when the operating theatre is used for procedures other than total joint replacement. The operating team wear the body exhaust system. This consists of a totally enclosing gown made from close-weave cloth over a helmet and visor covering the head to which the expired air outlet hose is attached. In order to be able to communicate in this totally enclosed gown above the noise of the exhaust air, a microphone is inserted into the helmet. The operating theatre has loudspeakers to broadcast the voices of the operating team and other microphones for those outside.
The effect of installing this enclosure and working in the helmet and gown was expected to be a reduction in the infection rate and an increase in the duration of the operation, and also a possible increase in fatigue from wearing the personal exhaust system in the enclosure. This latter aspect could theoretically lead to technical errors and more cases of loosening of the prosthesis.
Methods.
In order to compare the results obtained with and without the enclosure, a retrospective sequential study was carried out. The 190 hip replacements performed in the conventional theatre for approximately 3 years before the enclosure was installed were compared with the 229 done in ultraclean .air conditions during the 3 years after it was installed in September 197~.
The review of these hip replacements was carried out from their medical records in 1981; at least 5 years had therefore elapsed since the last one had been inserted.
The indications for hip replacement were as shown in Table I , the majority being for osteoarthritis. 'Other' indications comprised mainly osteotomies being converted to total hip replacements. The type of prosthesis used changed over the years as hip replacements developed, McKee-Farr being superseded by McKee-Arden prostheses in 1974 ( Table 2) .
All patients received prophylactic antibiotics (cephalexin 250 mg) with the premedication and 6-hourly for 5 days. Dextran 70 was also given during the operation. 
Results
The average duration of the operation, measured by the anaesthetic time, was I hour 52 minutes in the conventional theatre and I hour 44 minutes in the ultraclean air theatre. Deep venous thrombosis, as assessed by the necessity for anticoagulation, occurred in 16 (8.4%) of the conventional theatre patients and in 8 (3.5%) of those operated on in the ultraclean air; the average duration of operation in these cases was I hour 52 minutes and I hour 50 minutes respectively. Hip replacements were considered satisfactory if at follow up they had no pain and had not required revision procedures of any type. Hip replacements which on follow up were found to be unsatisfactory numbered 25 (13.2%) in the conventional theatre series and 9 (3.9%) in the ultraclean air series.
The causes of failure are shown in Table 3 . Cases of loosening were found mainly amongst McKee-Farr prostheses. The incidence of loosening related to the type of prosthesis used is shown in Table 4 ; all these cases were successfully revised to hip replacements. Two prostheses had to be removed: one became loose in a pelvis treated with radiotherapy, and the other was removed for recurrent dislocation. Three patients had a limited range of hip movement due to ectopic bone formation. Four patients, two in each group, had painful hips after hip replacement, but the cause of the pain could not be elucidated.
Conventional Ultraclean
Infection necessitating removal of the prosthesis occurred in 7 patients in all, 6 in the conventional theatre series and one in the ultraclean air series. This is an infection rate of 3.2% in conventional air and 0.4% in ultraclean air (P=0.05). Organisms causing the infection were varied, one infection occurring with each of the following organisms: Staph. aureus, Staph. a/bus. E. coli, Pseudomonas, Proteus Klebsiella, and in one the pus was sterile. In 4 of the 7 infected cases the erythrocyte sedimentation rate was greater than 30mm/hour. When infected hip replacements were compared with the initial disease necessitating the replacement, it was found that neither rheumatoid arthritis, nor steroids, nor the duration of operation influenced the incidence of infection.
A discharge of blood or serosanguineous fluid from the wound in the early postoperative period occurred in 11 cases in the conventional theatre group, leading to infection necessitating removal 'of the prosthesis in 3 cases. In the ultraclean air series.:'? wounds discharged postoperatively and one of these subsequently became infected. Previous surgery had been performed on the hip prior to total hip replacement in 57 hips, 13.6% of the total. Operations were carried out on 18 hips (9.5%) in the conventional theatre, of which 2 became infected, and on 39 hips (17%) in the ultraclean air theatre, of which non became infected.
Discussion
These results show that there is a statistically significant reduction in infection when the Charnley-Howorth downflow enclosure and body exhaust system is used. This added margin of safety against infection is also demonstrated when considering the occurrence of infection after wound leakage: more wounds became infected after operating in a conventional theatre than in ultraclean air. This suggests that the chance of bacteria being introduced into the wound haematoma is reduced. Furthermore, amongst those who had undergone previous hip surgery, infections occurred at second or revision operation in the conventional theatre but not in ultraclean air. This agrees with the findings of Charnley & Eftekhar (1969) and also with other series in which different methods of obtaining ultraclean air were used. Salvati et al. (1982) from the Hospital for Special Surgery, New York, studying 2289 total hip replacements, found an infection rate of 1.4% for operations in conventional theatres compared with 0.9% in a theatre equipped with horizontal laminar flow filtered air, where no personal body exhaust system was used. Lidwell et al. (1982) collected data from 19 hospitals in which a variety of methods of obtaining ultraclean air conditions were used. Their findings in 8055 hip or knee replacements were similar: 1.5% became infected in a conventional theatre and 0.6% became infected when ultraclean air was used.
The incidence of prosthesis loosening in the two groups in the present study could best be attributed to the type of prosthesis used rather than the operating conditions. The metal-tometal McKee-Farr prosthesis was much more susceptible to loosening than the Charnley low-friction arthroplasty, for which there was only one case of loosening in each group.
Operating in a downflow type of vertical laminar air enclosure whilst wearing the personal body exhaust system does create a confined and noisy environment. However, the seclusion is very conducive to rapid and uninterrupted execution of the operative procedure, as was shown in this series by the reduction in operation time despite the extra time spent preparing the patient for the enclosure. The noise of. the personal body exhaust system -similar to being in very close proximity to a vacuum cleaner hose -does prevent free communication with other members of the operating team. Despite the use of a microphone and ceilingmounted load speakers, hearing is difficult.
The latest development of the vertical laminar flow system has dispensed with the perspex side panels of the enclosure and relies on an exponential airflow pattern to avoid contamination by entrainment of unfiltered air.
In order to improve communication, there is also now a listening device installed into the helmet to allow the wearer to hear what is said by the other members of the operating team. An alternative, though slightly less effective gown, not enclosing the head but removing skin scales from the body via a vacuum hose, is now available and allows normal conversation.
